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The current structure of the ptawn farming industry in Australia is defined, the costs of 
production are estimated and the importance of variation in yield, price, and cost of feed 
is determined. The importance of economies of size 1s also demonstrated. 
A census conducted in November 1 989 indicated thal, during 1988-89, there were 25 farms 
using 249 ha of ponds stocked with marine prawns on the east coast of Australia. Almost 
all farms were established within the past five years. Total production increased rapidly 
during the 1980s, and in 1958-89, 3511 of prawns (mainly Penaeus monodon) were 
produced, 
Casts of production for two separale geographical locations were estimated as follows. 
First, using a combination of the census data and the opinions of informed growers, 
characteristics of representative farms were specified. Costs were (hen assigned to these 
farms based on aclual grower experience. The results indicate thal relative to current world 
prices and prospects, Australian costs of production are high. Sensitivity analyses indicate 
that farm profitability is very sensitive to price, yield and farm size, Though feed is an 
important component of total costs (12-38%), it requires a very large reduction jn feed 
costs to significantly reduce the cost of production. 
The overriding conclusion from |he analysis is the high uncertainty of returns to prawn 
farming in Australia, Significant reductions in costs may be necessary, in view of the 
prospect of further price falls with the likely continued expansion of prawn aquaculture in 
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Marine prawn farming industries have ex- 
panded dramatically in many tropical countries, 
50 that by 1989 production from farms accounted 
for an estimated 26% of total prawn production 
from fisheries and farms (Rosenberry, 1990). 
Traditionally, prawns have been farmed in Asia 
at low stocking densities and with minimal man- 
agement (less than I t/ha/y). However, tech- 
nology has allowed farmers ta increase stocking 
densities and production intensity to 8semi-in- 
tensive9 (1-10 t/ha/y) and 8intensive9 (more than 
10 t/ha/y)(Wickins, 1976). Figures for the eight 
major prawn farming countries indicate that 
average yields per hectare are in the low to 
Semi-intensive range (Rosenberry, 1990). Many 
Asian countries have greatly increased produc- 
tion through expansion of total ponded area and 
intensification of farming methods (Handlcy and 
Moore, 1989). In contrast, prawn farming has 
remained a small industry in Japan, and has 
grown slowly in other developed countries such 

as the United States, where farms are located in 
warm-temperate areas (Lawrence and Huner, 1987). 

In Ausiralia a few unsuccessful prawn farms 
were established before 1980 (Heasman, 1984), 
Subsequently, several farms were constructed in 
the warm-lemperate area of northeastern New 
South Wales, stocked initially with school 
prawns (Metapenaeus macleayi) and later with 
leader prawns (Penaeus monodon). The latter ts 
the main species stocked in farms which have 
been established in tropical and warm-temperate 
areas on the east coast of Queensland (Maguire 
and Allan, in press). Production of Australian 
farmed prawns rose rapidly to 351 t in 1988/89, 
and expectations of farmers indicate much 
greater production in 1989/90 (Potter and Jones, 
1990). Despite such progress, the major factors 
affecting the economic viability of the 
Australian industry have yet to be analysed. 

Several economic analyses have indicated that 
production costs for farmed prawns vary mark- 



edly between countries and with intensity of 
farming (Shang, 1983). Griffin et a/. (1986) con- 
cluded that prawn farming would be more prof- 
itable in a tropical country than in a 
Warm-temperate region, Though many 
economic assessments have been based on re- 
sults fram experimental rather than commercial 
prawn farming, those variables which are ex~ 
pected to most affect profitability have been 
identified. These include unpredictable en- 
vironmental factors (Griffin er al, L981), stock- 
ing strategies, including density (Pardy e¢ al,, 
1983), species grown and polyculture (Huang er 
al., 1984), farm and pond size (Hanson ef ul, 
1985), survival rate (Hollin and Griffin, 1986), 
use of passively heated nurseries (Juan ¢¢ al., 
1988), and prawn sizes al stocking and harvest 
(McKee et ef, 1989). Most analyses have used 
deterministic models with single estimates for 
each variable, although stochastic modelling has 
been employed (Hansen ef al., 1985). This tech- 
nique uses a range of estimates for cach variable 
and provides a probability value for any particu- 
lar rate of return. The relevance of risk analysis 
to prawn farming, particularly in relation to in- 
creasing intensity of farming and suboptimal 
seasons, has also been recognised (Hatch et al., 
1987). The collapse of the Taiwanese industry 
emphasises the importance of risk in prawn 
farming (Kwei, 1989). 
The emphasis in Australian prawn farming 

research has been on developing appropriate 
lechnology rather than on economic analyses, 
Heasman (1984) adapted a US farm model 
(Parker and Hayenga, 1979) and applied this to 
a hypothetical P, mwonedon farm in north 
Queensland, Hardy (1985) predicted good te- 
lurns for M. macléay: farms in northern New 
South Wales; Maguire and Leedow (1983) opti- 
mised stocking density and feed rate for that 
species using simple cash low models, Cook 
and Lightfoot (1987) predicted attractive returns 
lo farming P. monoden in north Queensland, 
based on model farms of 20 and 100 ha with a 
low stocking density (7 post larvae/m?). Yang 
(1987) adapted a Taiwanese model using 
Australian cost data and demonstrated the im- 
portance of stocking density and survival rate Lo 
economic returns, 
The approach taken in this study is as follows, 

First, the current and future market situation is 

reviewed, Next, the current structure of the 
prawn industry is determined by means of a 
census of prawn farmers, This in conjunction 
with Input from farmer groups is used as.a basis 
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for specitying the prawn tarm models, The mod- 
els are specified to allow comparison between 
the tropical and warm-temperate farming re- 
gions and between intensities of operation, This 
is followed by the derivation of the costs of 
production and rates of return to prawn farming 
in Australia based on the model prawn farms, 
Sensitivity testing of results and stochastic 
analysis of returns are included, not only to de- 
monstrate the risky nature of prawn farming at 
this stage but also to delineate the major varia- 
bles which affect profit. 

MARKET OUTLOOK 

To date, most sales of Australian farmed 
prawns haye been on the domestic market. The 
Australian prawn market closely follows trends 
in the international market, because over half of 
Australian production of wild caught prawns is 
exported (1988-89 exports being 1).5 kt; 
ABARE, 1989) and a similar volume is im- 
ported. Therefore the prices that Australian 
prawn farmers receive are largely sct in the in- 
ternational marketplace. That market is in- 
fluenced mainly by demand of the major 
importer, Japan, and the increasing world supply 
of cultured prawns, However, domestic prices do 
fluctuate with seasonal variations in supplies of 
wild caught prawns. 

Asian countries provide more than 80% of the 
world's supply of cultured prawns. Around half 
of Asian cultured prawn production is P. mono- 
don. 1n 1989 cultured prawn production by Asia 
reached S00 kt, almos} double that of 1987 
(Rosenberry, 1990), This increase was laracly 
due to a rise in production af P. merodon by 
Thailand and fndonesia, China remains the 
largest producer of cultured prawns with 220 kt 
in 1989, bur, after recent large increases, produc- 
tian in China appears to be stabilising in 1990, 
reportedly due to disease problems (Anon, 
1989), However, total Asian production of cul- 
tured prawns is expected to continue to expand 
and has been forecast to reach 800 kt by the year 
2000 (Anon., 1958). Such an increase would 
continue to put downward pressure on prices, 
On the demand side, Japan is the major world 

importer of prawns and absorbs most of 
Australia9s exports of prawns (around 80%), 

Australia has very limited influence on the Ja- 
panese market, accounting for only aboul 5% by 
value of Japanese imports (Battaglene and King- 
ston, 1990), The major suppliers to the Japanese 
market are the Asiaa countries, Al the same time 
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us supplies of prawn have increased, the growth 
in Japanese consumption of seafood has slowed, 
Although seafood's share of Japanese meat and 
seafood consumption has fallen from 74° in 
1960 to 44% in 1985 (Kingston er al, 1990), 
prawn consumption did increase between 1984 
und 1987 from 2.5 kg to 3 kg per person a year. 
However, the increased supply of prawns has 
exceeded the moderate merease in consumption. 
the result being 4 90% increase in cold Storage 
holdings since 1984 and falling prices on the 
Japanese market. If prices continue ta fall the 
quantity demanded is likely to rise. 

In the longer term there appears to be no relief 
from lower prices on the Japanese market, be- 
cause aquaculture production is expected to rise 
in Asia. Currently. Australian cultured prawns 
are mainly sold in Australia in bulk through 
wholesalers, and most production is of P. »ono- 
don. Thus, these sales would be in direct com- 
petition with the Asian cultured prawns, whether 
on the Australian or world markets. There are 
options which would enable Austialian pro- 
ducers to remain in this very competitive market. 
Prawn farmers may be able to time production to 
take advantage of seasonal fluctuations. and thus 
obtain higher prices by supplying the murket 
when alternative supplies are low. Efforis could 
be directed to supplying a reliable, high quality. 
well-presented product, bul this would raise 
marketing casts. Alternatively, management 
could be directed af producing larger prawns 
which command a premium in the marketplace. 
Although 25 g prawns are sold in Australia there 
is a limited export market for this small size. If 
production continues to expand, farmers may 
need to assess the option of larger prawns for the 
export market. Another option is to supply 
larger, fresh or live prawns to the restaurant 
(rade, which offers a significant premium over 
the supermarket or commodity market, particu- 
larly in Japan. In addition, farmers could switch 
production from the commonly produced P. 
monodon to the culture of higher-priced species 
such as P. japonicus or P. esctulentus, Such a 
switch in production would require developmen! 
of appropriate farming methods for these species. 

STRUCTURE OF THE PRAWN FARMING 
INDUSTRY IN AUSTRALIA 

The industry is small but expanding rapidly 
(Fig. 1). Gross value of production could reach 
$12 million in 1989-90 (O'Sullivan, 1990). 
Queensland has replaced New South Wales as 

the major producer of farmed prawns, mainly 

duc to the faster growth rates achievable in the 
higher water temperatures. Production in other 
sluies is negligible, 

8The majority of Australian farms are < 10 ha, 
with a few large farms responsible for most of jhe 
production. 8The region between Townsville and 
Cuims contains 55% of Queensland's farms, while 
Mackay has 22% and Brisbane region 11%. 8The 
greatest growth in farm area is occurring in the 
Townsville-to-Caimms region. 

The data in Table | indicate a rapid development 
Process in the prawn industry as evidenced by the 
following changes from 1988-89 to 1989-90: 
¢ 023% inctease in total ponded area (all within 

Queensland): 
® 4 60% increase in total stocked area; 
® 4 25% increase in stocking density. 
The wide range between farms for most of the 

parameters used for measuring productivity (stock- 
ing rate, feed conversion ratio and yield) also indi- 
cules the developmental stage of the industry. In 
addition, the average feed conversion ratio of 
2.265: 1 (feed weight to product weight) is signifi- 
cantly higher than overseas results which suggest 
thal long term averages of 1.8:1 or better can be 
achieved (Chen et al, 1989), 

Due to the current rapid development phase it 
js difficult to define a model or average prawn 
farm for analytical purposes. Regression analy- 
sis of farm parameters yielded two statistically 
significant relationships: as farm size increased, 
so did pond size (R? = 0.58, p <0,001) and the 
number of ponds (R2=0.59, p <U.001). No other 
stalisti¢ally significant relationships were found 
in regression analyses including farm parameters 
such us yield, stocking density and feed conver- 
sion ratio (p >0.05). That is, the industry has not 
developed sufficiently for a clear management 
pattern to emerge. 

With the assistance of prawn farmers, the repre- 
sentative model prawn farm was defined to be six 
1 ha ponds as a family farm unit (Table 2). Al- 
(hough this is less than the industry average of 13 
ha, the majority of farms are < 10 ha with a few 
very large farms of up to 95 ha. The 6 ha farm was 
considered to be representative of most farms, 
particularly in far north Queensland (FNQ), For 
comparative purposes the growers in the northem 
New South Wales/southeast Queensland region 
(NSW/SEQ) accepted the basic 6 x 1 ha prawn 
moucl as defined by FNQ growers. although farms 
tend to be larger in NSW/SEQ. The most obvious 
difference between the regions is the number of 
crops per vear, the NSW/SEQO region usually hav- 
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FIG, 1, Production from Australian prawn farms 
1986-90, Source: Queensland Department of Pri- 
mary Industries, ABARE and Allan (1989a). Note: 
December 1989 to June 1990 4 estimated produc- 
tions. 

ing only one crop a year while two crops a year 
was considered achievable in FNO. 
Farm operation intensity was defined in terms of 

stocking density. Two stocking densities, low and 
high, were accepted as representative, The model 
low stocking density (8 post larvae (PL)/m*) falls 
within the range reported for Australian prawn 
farms in 1988, of 5-15 PL/m? (Robertson, 1988). 
As isseen from Table 1, stocking density increased 
again between 1988/89 and 1989/90, The model 
high stocking density (25 PL/m2) was chosen to 
reflect this trend, The low stocking density model 
was considered by farmers to depict a learning 
stage rather than a long term farming proposition, 
For these low densities substantially larger ponds 
are more appropriate (Scura, 1987) 

Tn the model farms, both survival rates and growth 
rates declined with increasing stocking density (Table 
2). Accordingly, for the lower stocking density the 
average prawn size at harvest was set higher than for 
the high stocking density. This relationship between 
growth and density accords with experimental re- 
sults reported by Allan and Maguire (1988). How- 
ever, they concluded that survival rates were not 
affected by stocking density in their experimental 
ponds. This indicates that yields may be improved in 
the future as farmers gain more experience in feeding 
regimes and pond management. 

COSTS OF PRODUCTION 

Costs were eslimated for the 6 x J ha farm 
model by fatmers who attended group assess- 
ment meetings held in far north Queensland and 
northern New South Wales, with additional in- 
formation from equipment suppliers. 
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Feed is by far the largest component of annual 
operating costs, accounting for 57% for the high 
density model farm in far north Queensland 
(Table 3). Prawn fry is the other major operating 
cost, comprising about 20% for the low density 
farms and 23% for the high density farms. 
The major costs of establishment are land and 

carthworks (Table 4), To achieve six 1 ha ponds 
a total land area of 12 ha would be required to 
allow provision of sheds, roadways and chan- 
nels, The cost of surveying and constructing 
ponds varies markedly ($12 000-40 000/ha), de- 
pending principally on topography, soil type, 
wall slope and pond configuration, For the model 
farm of six | ha ponds a flat site with a suitable 
clay base was assumed and a corresponding cost 
of $20 000/ha used in the analyses, The cost of a 
pumping system also varies substantially, de- 
pending on the level of water exchange required, 
tidal limitations and the desired speed of filling. 
IU is feasible that farmers could install cheaper 
pumping systems than those listed in Table 4. 
The total establishment cost of around $0.5 

million including land purchase (Tables 5 and 6) 
constitutes a substantial obstacle. However, in 
the case of sugar cane farmers who enter prawn 
farming, these capital costs may be considerably 
reduced through the use of existing surplus land, 
equipment and possibly underutilised labour. 
Table 4 outlines costs for a farm of twenty 1 ha 
ponds, These figures are used below in an inves- 
tigation of economies of scale. 

Total production costs for the low stocking 
density mode] are shown in Table 5, In the 
NSW/SEQ region, the total cost of production, 
at $15,67/kg, is too high given current market 
prices and outlook. In far north Queensland, with 
two crops a year, the production cost is much 
lower, at $9.38/kg. For the high density farms 
(Table 6) the difference between regions is much 
less, with FNO costs of production $1.54 lower 
than those in NSW/SEQ, These costs are very 
close to current market prices. Jn carly 1990 the 
farm gate price for 25 g prawns varied in the 
tange S8-l2/kg, with an average price of 
$10/kg. Prices increase with the size of prawn, 
and 30 g prawns fetched about $2/kg mare. 
Therefore, in the analyses prices were varied 
according to the size of prawn produced (Ta- 
hies 2, 5 and 6). 
Given the possibility of further price falls in 

ihe future, itis important to examine the oppor- 
tunities for reducing costs. The cost of feed may 
he lowered in two ways; by a drop in the cost of 
feed per tanne, or by a decrease in the feed 
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TABLE 1. Prawn Farming Industry: census results. 

Total | Average Feed Average yield 

number | area of Stocked Stocking | conversion Total per unit 

Variable of ponds| ponds area density ratio production stocked area(a) 

ha 

1988-89 

Total for all farms s 248.55 

Range for all farms 0.45-50 

Average for all farms : 9.94 

1989-90 

Total for all farms 1130(p) 

Range for all farms 4-280(p) 1-13.5(p) 

Average for all farms ~ 37.67(p) 2,85(p) 

Source: Telephone census, November 1989. of all known prawn farmers in Queensland and New South Wales (25 

farms). (a) Average yields per stocked area in 1988/89 were mainly based on one crop per year. Only 3 out of 25 

farmers double cropped. Average yields per stocked area in 1989/90 are higher than 1988/89 in part because 14 out of 

30 farmers indicated their intention to double crop. nc= data not collected. p= projected by Queensland Department of 

Primary Industries, ABARE and Allan (1989a). PL= post larvae (prawn fry). 

TABLE 2. Description of model 6 x 1 ha pond prawn farms. 

i Low stocking density High stocking density 

tem unis | rNo | NSwisto NSWISEQ 
[Aeration | | to | ro ves ves 
Numberoferopsyear | no | 2 | st | et 
Averagesizeotprawns |e | 27s | 30 | ts Ts 
Stocking rate 

~ average 

- range 

Survival rate 

- average 

- Tange 

Yield 

- average 

- range 3.04.3 

. t/6 wT 

Source: Group assessment meetings, South Johnstone. Queensland, and Palmers Island, New South Wales, March 1990. 
FNOQ, Far north Queensland. NSW/SEQ. New South Wales and south-east Queensland. 
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TABLE 3. Annual operating costs: 6 x 1 ha pond farm model. 

Low Stocking High Stocking Densit 

Number of crops/year : 2 

Total production 18.48 

Feed conversion ratio 1.8:1 

Feed consumed 33.26 

Total feed cost @ $1500/t 49 896 

19 200 

8 000 

10 000 

3 000 

8 000 

3 000 

Cost of prawn fry @ 2c 

Casual labour 

Electricity 

Fertiliser 

Repairs & maintenance 

Miscellaneous 

1 2 

7.2 45 

1.3:1 2.25:1 

9.36 101.25 

14 040 151 875 

9 600 60 000 

8 000 13 000 

3 000 22 000 

1 500 5 000 

8 000 10 000 

3 000 4000 

Source: Group assessment meetings: for FNQ, South Johnstone Research Station, Queensland, and for 
NSW/SEQ, Palmers Island, New South Wales, 

conversion ratio. It is evident from the sensitivity 
tests that it would require a very large saving in 
feed costs to effect a significant reduction in 
production costs (Table 7). For example, to ef- 
fect a saving of about 50c/kg in the total cost of 
production requires a decrease in feed cost of 
between 15% (for the FNQ high intensity farm) 
and 25% (for the low intensity farm in the 
NSW/SEOQ region). Such large cost savings may 
be difficult to achieve. However, reductions in 
feed conversion ratios can be effected through 
more appropriate feed rates (Allan, 1989b). 

Yields per hectare may be raised by either 
increasing the stocking density and/or improving 
the survival and/or growth rates. The sensitivity 
tests reported here were based on increasing the 
stocking density, with feed conversion ratios 
held constant and no change in survival or 
growth rates. (The savings in costs would be 
larger if the same yield increase were achieved 
at least partly by improved survival and/or 
growth rates). To achieve a saving of around 
$1/kg in the total cost of production would re- 
quire an increase in yield of between 8% (for the 
low density NSW/SEQ farm) and about 30% (for 
the high density FNQ farm) (Table 8). This latter 
increase would imply a yield from two crops 
totalling 9.8 t/ha/y. Such an increase may be 
achievable in the future if improved pond man- 
agement allows higher stocking densities as well 
as better survival and growth rates. 
Economies of size may offer a further option 

for reducing the unit cost of production. A larger 
farm of twenty 1 ha ponds with high stocking 

density was analysed (Table 9). The unit costs of 
production for the larger farm model are almost 
20% lower than for the 6 x 1 ha farm model. This 
result is not surprising, given that overhead costs 
comprise 33-46% of total costs for the high 
density 6 x 1 ha farms (Table 6). Similar size 
economies are likely for low density farms, for 
which overhead costs account for an even greater 
share of total costs. 

RATES OF RETURN TO PRAWN 
FARMING 

The previous sections have shown that costs and 
yields in prawn farming in Australia vary with 
region and stocking density. Account must also be 
taken of the high degree of uncertainty surrounding 
prices, costs and yields for similar farms within the 
same region. A rate of return based only on the most 
likely estimates does not fully reflect the nature of 
returns to prawn farming. 

Sensitivity testing over the range of possible 
values for the uncertain parameters would be- 
come unwieldy and difficult to interpret. The 
alternative approach used in this paper is stoch- 
astic investment analysis. This approach is based 
on the stochastic analysis of returns to new hor- 
ticultural crops by Treadwell and Woffenden 
(1984). 
The analysis uses the estimated range for each 

uncertain parameter 4 that is, for costs, market 
prices and the parameters set out in Table 2. For 
each simulation, a value (or a fluctuating time 
series) was randomly generated for each parame- 
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TABLE 4. Capital costs for model prawn farms with 1 ha ponds, for both regions. 

Total value 

Years 
High when 

density purchased 

J 
120 000(a) 
3.000 

4000 
2500 
10 360 
24 000 

Earthworks (ponds & channels) 

Pump(s) 
Motor(s) 

Belts, pulleys, pump base, etc. 
Pump shed, valves, filters 

Pipes. gates, screens, boards 
Electric power supply 40.000 

Generator (standby) 5000 

Rotary hoe - 

Spike tooth harrows ooo 

Slasher 1500 

Bucket - 
Blade 1000 

Fertiliser spreader 2500 
Farm truck (2nd hand) 20 000 

Tractor (2nd hand) 10.000 

Motorbike _ 

Blower pipe (feed) ano 

Aeration units _ 

Retrig. plant, esky, bins, etc S000 
Ice machine (1 t/day) 13 uuu 

Prawn weighing scales Sti) 
Harvest equip (nets/cages) 1500 

Prawn handling area & equip. 

(washes, trays, loader) 

Farm shed 

Tools 

Test kits 

Bout (2nd hand) 

Office equipment 
Miscellaneous 

120 000(a) 

30.000 

& 000 

5 000 

10 360 

24 000 

80 000 

Heo 

3.000 

1000 

1s00 

1000 

1000 

2S 

20 000 

10.000 

2000 

TOu0 

33.000 

14.000 

13.000 

1000 

7500 

300 000(b) 0 
40 668 0,5,10,15 
40 667 0,5,10,15 
6665 0,3,6,9,12,15,18 

15 200 0 
80 000 0 

200 000 0 
20.000 0,10 

5000 0,10 
2000 0,10 
2000 0,10 
5000 0,10 
1500 0,10 
2500 0,10 

20 000 0,10 
15 000 0,10 
2000 0,5,10,15 
1000 0.3,6,9,12,15,18 

135.000 0,5.10,15 
22.000 iu 
13 000 111 
2500 1.4.7,10,13,16,19 
4.000 1,4,7.10,13,16,19 

8000 

10.000 
2 000 
2000 

1 S500 

3.000 

2000 

10.000 

15.000 

4000 

4500 

1500 

3.000 

3.000 

10.000 1,11 

25 000 0 

10 000 0,5,10,15 

4500 0,3,6,9,12,15,18 

2500 0,10 

3 000 0,5,10,15 

3.000 0.5,10,15 

(a) Plus purchase of 12 ha of land, at $6000/ha in FNQ region and $4000/ha in NSW/SEQ, 
(b) Plus purchase of 35 ha of land at same prices as in (a). 

ter from its observed distribution. Each such set of 
parameter values was used to calculate a specific 
stream of costs and returns, from which the internal 

rate of return was derived. This procedure was 
repeated a large number of times (700), to generate 
a set of internal rates of return (IRR). These were 
then ranked and their cumulative probability func- 
tion was calculated. This function gives the prob- 
ability of the internal rate of return being less than 
any particular level. 
The advantage of this stochastic approach 1s that 

it not only produces the expected or mean internal 

rate or return but also indicates the effect of 
uncertainty by providing the range of internal 
rates of return with their corresponding prob- 
abilities of occurrence. This procedure avoids 
the need for sensitivity analysis on individual 
parameters, as the overall] uncertainty is reflected 
in the probability distribution of internal rates of 
return. However, individual sensitivity tests can 
still be undertaken to show the specific effect of 
variation in a particular parameter. 

The stochastic investment analysis was con- 
ducted for the four prawn farm models using the 
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TABLE 5. Cost of production: low stocking density system, 

| PHYSICAL DESCRIPTION | DESCRIPTION 

Number of ponds 
Area/pond (ha) 
Total farm area (ha) 
Production/crop (t/ha) 
Number of crops/year (no.) 
Total production of prawns (1/y) 
Feed conversion ratio 

Feed consumed (t/y) 
Capital costs of establishment(a)(3$) 

FINANCIAL DESCRIPTION 

Gross income 

Operating costs 

Overhead costs 

Ratio of overhead to total costs (%) 

Return to management 

estimated range in parameter values as sct oul in 
previous sections. The analysis was on a pre-tax 
basis, using private costs and benefits, and was 
conducted over 20 years, the estimated life of 
ponds. The analysis was based on the following 
assumptions. 

Costs do not change relative to prices during 
the period of analysis 4 that is, constant 
(1989-90) values are used. 

® 8The interest rate on money borrowed equals 
the internal rate of return. 

e During the period of analysis, no technical 

changes occur which result in major increases 
in yields or substantial changes in the relation- 
ship between yields and costs. 

e There is no correlation between prices, yields 

203 280 

4 Feed 49 896 2.70 14.040 1,95 
4 Casual labour 8 000 0.43 8000 1.41 
4 Electricity 10.000 0.54 3.000 0.42 
4 Prawn fry 19 200 1.04 9600 1.33 
4 Fertiliser 3.000 0.16 1500 0.21 

4 Repairs & maintenance 8 000 0.43 8 000 1.11 
4 Miscellaneous 3.000 0.16 3000 0.42 
Total operating costs 101 096 47.140 

4 Depreciation & interest(b) 40214 2.18 38 774 5.39 
4 Allow. for farmer's labour 26 080 Al 20 872 2.90 

4 Permanent hired labour 0 0 0 0 

4 Administrative costs 6000 0.32 6000 0.83 

Total overhead costs 72304 3.91 65 646 

Total costs 173 400 9.38 112 786 

29 BRO 

(a) Derived from Table 4 plus land purchase. (b) Assuming real rate of interest 6%. 

86 400 

+26 386 

and costs (as Australian prawn farms supply 
only a minor segment of the market). 

e Full production is possible from the first year 
of operation. 

e The farm is well managed and located on a 
suitable site with ready access to water. There 
are no disasters such as would cause total loss 
of crop. 

The effects of the last two assumptions, in par- 
ticular, is that the average internal rates of return 
generated will be higher than the industry average. 
The results will reflect more closely the results of 
more experienced farmers with suitable sites, 
rather than the average of a new and expanding 
industry. 
The cumulative probability distributions for the 

four prawn model farms are summarised in Table 
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TABLE 6, Costs of production: high stocking densily system. 

Item 

PHYSICAL DESCRIPTION 

Number of ponds 
Area/pond (ha) 
Total farm area (ha) 

Production/crop (t/ha) 
Number of crops/year (no.) 

Total production of prawns (t/¥) 
Feed conversion ratio 

Feed consumed (t/v) 
Capital costs of establishment(a)($) 

FINANCIAL DESCRIPTION 

Grass income 
Operating casts 
4 Feed 

4 Casual labour 
4 Electricity 

4 Prawn fry 
4 Fertiliser 

4 Repairs & maintenance 
4 Miscellaneous 

Total operating costs 
Overhead costs 

4 Depreciation & interest(b) 
4 Allow, for farmer's labour 

4 Permanent hired labour 
4 Administration costs 

Total overhead costs 
Total cost 

450 000 

151 875 
13.000 

22 000 

60 000 
3 000 

10.000 

4000 

265 875 

61 663 

26 090 

37 500(c) 
6 000 

131 253 
397 128 

NSW/SEQ 

tw et toa ayo 

bo 

oe 19 4-W4 wane oO 

101.25 
507 860 

= o wn 

126 250 

60 223 
20 872 

20 000(d) 
6 000 

107 095 

10. The highest average internal rate of return is 
that for the high density farm in north Queens- 
land, followed closely by the low density farm 
in north Queensland. The uncertainty of the re- 
turns is similar for these two types of operation, 
as is Shown by their respective cumulative prob- 
ability functions (Fig. 2). As noted above, the 
low stocking density model was considered to be 
a developmental stage and not a long term prop- 
osition. This is certainly true for the NSW/SEQ 
tegion, where the low density model did not 
generate positive returns, 
The difference in returns between the two re- 

gions is notable, with the internal rates of return 
for NSW/SEQ falling well below those for FNQ. 
The higher profitability of the tropical region 

Tee GLO mun Oanayp 

FIG. 2. Cumulative probability of IRR: 6 ha prawn 
farm models. 
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TABLE 7. Estimated costs of production resulting from decreases in feed cost. 

FNQ 

Skg 

9.38 

corresponds with worldwide experience (Griffin 
et al., 1986). The sensitivity of returns to the 
number of crops indicates a need to research the 
necessary requirements (in addition to climate) 
which facilitate two crops a year. Few farmers 
produced two crops in 1988/89. Options worthy 
of consideration include three crops in two years 
in the FNQ region 4 with perhaps a larger sized 
prawn being harvested than is obtainable at two 
crops a year 4 or, in the NSW/SEQ region. the 
production of one prawn crop per year while 
using the same ponds for other aquacultural pro- 
ducts such as oysters in the cooler months (Ma- 
guire ert al., 1981). 
A significant difference between the regions in 

practice is that prawn farms in NSW/SEQ tend 
to be larger than those in FNQ, and larger than 
the 6 x 1 ha pond operation used in this analysis. 
Therefore, a larger farm of twenty 1 ha ponds 
was simulated. The expected internal rate of 
return for the larger farm is more than double that 
for the small farm. This indicates the existence 
of significant economies of size in prawn farm- 
ing. (There may be similar economies in relation 
to pond size, but that question would require 
further research which was not possible in this 
study.) 
As in the previous section on costs, the sensi- 

Reduction in feed cost 
| rNQ. | Nswsco 

Sky 

15.67 

15.47 

15.08 

FNOQ 

Sikg 

8.83 

8.49 

NSW/SEQ 

S/kg 

10.37 

10.10 

tivities of rates of return to a 10% drop in feed 
costs and a 10% increase in yields were analysed, 
and the results are summarised in Table 10. 
Again, the 10% drop in feed costs has a smaller 
effect on returns than a 10% increase in yields 
(Fig. 3). For example, for the low density FNOQ 
farm the average rate of return rose by 26% in 
Tesponse to the 10% increase in yield but rose 
only by 9% given a 10% drop in feed cost. 
Another very uncertain factor is the market 

outlook. Rather than prices remaining constant 
relative to costs it is probable that relative prices 
may fall, in view of the continuing expansion of 
prawn aquaculture, particularly in South-east 
Asia. If prices were to fall continuously at an 
annual rate of 1.5%, returns to prawn farming 
would be expected to fall substantially. For in- 
stance, mean returns to the high density 
NSW/SEQ 6 x 1 ha farm model fell below zero 
(Table 10). For the twenty 1 ha NSW/SEQ farm 
model the mean return was less than half that 
derived with constant prices. However, in the 
face of a continual price decline prawn farmers 
would be likely to improve yields and/or reduce 
costs to offset the effects of the price fall, as has 
occurred in other primary production activities. 

Overall, the simulated distribution of returns 
to prawn farming indicates that it is a very un- 

TABLE 8. Estimated costs of production resulting from an increase in yield. 

Yield increase 

8.29 

Low density svstem 

FNO NSW/SEO FNO 
S/kg Sikg S/kg S/kg 

a Se ee eee 15.67 8.83 10.37 
Pp tOTCC<8RSC8CW SOTTO] 8S 9.78 

8.64 
8.44 13.59 

13.17 

2): 

High density system 

8.00 
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TABLE 9. Costs of production for 20 x 1 ha farm with high stocking density. 

NSW/SEQ 

Number of ponds 
Area/pond ha 
Total farm area ha 
Production/crop t/ha 
Number of crops/year no. 
Total production of prawns t/y 
Feed conversion ratios 
Feed consumed t/y 
Capital costs of 
establishment(a) $ 

FINANCIAL DESCRIPTION 

Gross income 1500 000 

Operating costs 

4 Feed 

4 Casual labour 

4 Electricity 
4 Prawn fry 
4 Fertiliser 

4Repairs & maintenance 
4 Miscellaneous 

Total operating costs 
Overhead costs 
4 Depreciation & interest(b) 

4 Allow. for farmer's labour 

4 Permanent hired labour(c) 

4 Administration costs 

Total overhead costs 
Tolal costs 

306 250 
45 000 
73 300 

200.000 
16 700 

15 000 

6 000 

862 250 

14] 937 

26 090 

75 000 

11.000 
254 027 

L116 277 

Ratio of overhead to total costs (%) 

Return to management 

oY Sw We OMUmNK Oo 

pry 

way Yu ty Wen aAneS 

202 500 
22 500 
40 000 
100 000 
5000 

12.000 
6 000 

388 000 

137 737 
26 090 
75.000 
11 000 

249 827 

(a) Derived from Table 4 plus land purchase. (h) Assuming real rate of interest of 6%. (c) 3 full-time 
people. 

IY iret 
Tree 44 Hormel baw tae waa = gg Yen 

FIG. 3. Cumulative probability of IRR: far north 
Queensland 6 ha high density prawn farm model. 

certain business. For example, the average inter- 
nal rates of return on the two modelled 6 ha North 
Queensland farms are 16.8% and 13.8%, but 
there is a 25% chance that the return could fall 
below those averages by overa third. In addition, 
variations in prices, yields, feed costs and the 
size of farm have very marked effects on returns. 

CONCLUSIONS 

The principal aim of this study was to provide 
industry statistics and an analysis of the econom- 
ics of prawn farming to assist industry, govern- 
ment and researchers to determine future 
directions. In 1989-90 Australian production of 
cultured prawns came from 30 farmers with al- 
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TABLE 10. Internal rates of return to prawn farming: stochastic simulations. 

Farm model* 

FNQ 

NSW/SEQ 

FNQ 
NSW/SEQ 

Feed costs reduced by 10 percent 

Low density: 

High density: 

Low density: FNQ 

NSW/SEQ 
High density: FNQ 

NSW/SEQ 

Yields increased by 10 percent 
Low densily: FNQ 

NSW/SEQ 

High density: © FNO 
NSW/SEQ 

Prawn prices deflated by 1.5% a year 

Low density; © FNOQ 
NSW/SEQ 

High density: FNQ 

NSW/SEQ 
20x J ha pond farm, high density 
Constant prices: FNQ 

NSW/SEQ 
Prawn prices deflated by 1.5% a year: 

FNQ 
NSW/SEQ 

most 400 ha of ponds along the east coast. The 
industry is undergoing rapid change as it ex- 
pands and develops beyond the infant stage and 
a clear management pattern has not yet emerged. 
The economic analyses were based on a6 x 1 

ha model prawn farm with two intensities of 
operations in two regions, far north Queensland 
and New South Wales/south-east Queensland. 
Given the risks and lead time associated with 
developing a new industry, the establishment 
costs of about $0.5 million per farm present a 
large obstacle. Overhead costs are 33-46% of 
total costs for the high intensity farm, so itis not 
surprising that there are substantial economics in 
operating a larger farm as indicated by the results 
from a 20 ha model. The costs of production and 
returns for both intensities of operation are sim- 

* 6x 1 ha except where otherwise indicated. 4 Negative. 

75% probability 

that IRR is 

more than: 

75% probability 

that IRR is 

less than: 

ilar in far north Queensland, but there are marked 
differences between the two regions which re- 
flect the climatic constraint of being able to 
produce only one crop per year in the more 
southerly region. 
The overriding conclusion to be drawn from 

the analysis is the high uncertainty of returns and 
tisk involved in prawn farming. At current prices 
for the product, returns to prawn farming in 
Australia are adequate, but its profitability 1s 
very sensitive to price. With the prospect of 
further price falls in the future, returns to 
Australian prawn farmers may be reduced sub- 
stantially unless savings in production costs can 
be achieved and/or production is switched to 
higher priced products. The effect on profitabil- 
ity of production of higher priced products 4 
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such as higher priced species, live prawns or 
larger prawns 4 would require further research 
(han was possible in this study. As the industry 
is still in a developmental stage it may well be 
possible to effect significant cost savings 
through increasing yields. The analysis showed 
thal returns were more responsive to changes in 
yield than to reductions in feed costs. Also, unit 
costs may be substantially reduced and returns 
raised by increasing the size of the farm, 
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